The onset of pain during exercise in patients with angina pectoris is consistently associated with clinical and haemodynamic signs of acute left ventricular failure (Muller and Rorvik, I958; Dimond and Benchimol, I963; Messer et al., I963; Malmborg, I965; Cohen et al., 1965; Parker, Di Giorgi, and West, I966; McCallister et al., I968; Wiener, Dwyer, and Cox, I968; Sharma and Taylor, I970) . A unique characteristic of this syndrome is its rapid reversibility, the raised end-diastolic pressure in the ventricle rapidly returning to normal when exercise is stopped (Taylor and Sharma, I97I) . There is direct experimental evidence to suggest that depression of ventricular function due to ischaemia may be improved by the digitalis glycosides (Sarnoff et al., I964) . The symptomatic, electrocardiographic, and haemodynamic effects of acute digitalization with ouabain were therefore examined in patients with angina pectoris.
Subjects and methods
Six male patients, average age 55 years (range 49-62), with uncomplicated angina pectoris were studied. Their average weight was 74-4 kg (range and their average surface area i 8o m2 (range I-6o-2zI2). None was obese, hypertensive, or diabetic, none had hyperlipidaemia, and none had had a previous myocardial infarction or history of other heart disease. In all, the angina was induced solely and repeatedly by exercise; none suffered from nocturnal or emotionally induced pain. The length of the history of angina ranged from 6 months to 10 years. No patient had received previous treatment other than glyceryl trinitrate.
The resting electrocardiogram was normal in all patients; during supine leg exercise the ST segment in the standard and chest leads V4-6 was depressed by more than i mm in all patients. The standard 6 foot chest x-ray was normal and the cardiothoracic ratio was less than 5o per cent in all patients.
These studies were carried out during routine diagnostic haemodynamic investigation before angiographic studies in patients under consideration for coronary artery operation. The purpose, procedure, and possible therapeutic benefits of these additional studies were discussed with each patient; without inducement all freely consented to the additional observations (Medical Research Council, I964; Ormrod, I968).
Design of investigation Each patient was trained to exercise in the supine position on a bicycle ergometer and to indicate by fingeroperated light switch the onset and the relative intensity of pain. The level of exercise required to induce angina during the first 2 or 3 minutes of the 6-minute exercise period was then ascertained.
The pain was graded as 'mild' when there was a tightness and discomfort in the chest, 'moderate' when the pain was significantly greater in intensity but the patient was still able to continue exercise, and 'severe' when the pain was of such intensity that the patient was rapidly forced to stop exercise. Statistical analyses were based on orthodox methods (Fisher, I946) . The probability of significance of differences relates to comparison of paired samples.
Results

Symptoms
In the control study the average time of onset of pain in the 6 patients was II5 sec (range 65-I90) after the start of exercise changes in heart rate, stroke volume, cardiac output, or systemic arterial pressure after ouabain (Table) .
During exercise there was no significant change in heart rate after ouabain, but the stroke volume (P < o0os) and cardiac output (P < o oi) were both increased (Fig. 2) . The mean systemic arterial pressure during exercise was unchanged after ouabain.
Changes in left ventricular performance At rest there was a consistent and statistically significant increase in left ventricular dp/dt (max) in all patients after ouabain (P < o os). Mean systolic and end-diastolic pressures, duration of systole and left ventricular minute and stroke work were all unchanged (Table) . 
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During exercise there was a significant increase in left ventricular dp/dt (max) (P < o-oi) and left ventricular minute (P < o0o5) and stroke work (P < o0o5) and a reduction in left ventricular end-diastolic pressure (P < 002) (Fig.  2) . Mean systolic pressure and duration of systole were unchanged. There was a shift to the left, at the same heart rates, in the relation between left ventricular end-diastolic pressure and stroke work output during exercise after ouabain (Fig. 3) .
Respiratory changes There was no significant change in respiratory rate, minute ventilation, alveolar-arterial oxygen tension gradient, or systemic arterial blood oxygen tensions either at rest or during exercise after ouabain (Table) .
Discussion
These studies clearly show that the onset of anginal pain during exercise in each of these patients was accompanied by unequivocal haemodynamic evidence of depressed left ventricular function and that acute digitalization with ouabain significantly improved pumping function of the heart without aggravation of pain.
Though this study was not specifically designed to examine the symptomatic effects of digitalization, it should be noted that no patient noticed an increase in pain in spite of the increase in left ventricular activity. Previous reports have likewise found no consistent change in anginal pain after acute or chronic digitalization (Fenn and Gilbert, 1932; Edens, 1934; Gold et ). In the normal heart their most conspicuous effect is to increase the speed of ventricular contraction (LV dp/dt max) without change in the normal end-diastolic pressure or cardiac output (Mason and Braunwald, I963) . In the failing heart, however, the positive inotropic action of these drugs is apparent not only in an increase in the velocity of ventricular contraction, but also the translation of the increased contractlity into an increase in cardiac output. The patient with uncomplicated angina pectoris, in whom the heart is normal at rest but suffers acute failure during exercise, thus provides a unique opportunity for the demonstration of these important therapeutic properties of the digitalis glycosides. In the present studies all patients had normal left ventricular function at rest and the only haemodynamic change produced by ouabain was an increase in left ventricular dp/dt (max). However, the seriously depressed left ventricular performance displayed by these patients during the increased work of exercise was significantly improved by ouabain. This was seen not only in the increased velocity of ventricular contraction, the reduction in end-diastolic pressure, and the improved left ventricular function curve, but also by the translation of these primary changes in myocardial contractility into an increase in cardiac output. Though The digitalis glycosides increase myocardial oxygen consumption in the normal heart by increasing peripheral resistance (Braunwald et al., I96I) , systemic arterial pressure (Mason and Braunwald, I964) , and velocity of ventricular contraction (Mason and Braunwald, I963) . Myocardial oxygen consumption is more related to the type than to the amount of work as calculated by conventional formulae. Changes in cardiac output are associated with relatively small changes in myocardial oxygen consumption, but myocardial oxygen consumption is conspicuously influenced by changes in aortic pressure (Gerola, Feinberg, and Katz, I957; Sarnoff et al., 1958) . In the present studies there was no change in aortic pressure associated with the increase in cardiac output after ouabain, and heart rate, another important correlate of myocardial oxygen uptake, was also unchanged. With the aortic pressure and heart rate unchanged, the decrease in left ventricular end-diastolic pressure after ouabain must have been associated with a reduction in left ventricular wall tension, if changes in end-diastolic pressure reflect similar directional changes in end-diastolic volume (Laplace theorem) (Laplace, I84I; Woods, I892; Burch, I955; Burton, 1957 
